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PROVISIONAL SPECIFICATION FOR THE INVENTION ENTITLED: 



AIR FILTER ARRANGEMENT 

The invention is described in the following statement:- 



The present invention relates to internal combustion engines and, in particular, 
to small air cooled internal combustion engines such as are used in portable 
appliances including chain saws, trimmers, leaf blowers and the like. 

In recent times such small internal combustion engines have been subjected to 
increasingly stringent standards, particularly in relation to pollution. Such standards 
are having a profound influence on engine design and it is becoming increasingly 
difficult for the necessary performance standards specified in the environmental 
regulations to be met by small two stroke engines, small four stroke engines, and 
hybrid two/four stroke engines. 

In order to meet the increasingly stringent standards, it is necessary for 
virtually every aspect of the internal combustion engine to be optimised. In particular, 
many aspects of the engine performance, including the use of exhaust catalytic 
mufflers^ stratified combustion, and the like depend upon the rigorous control of the 
fuel to air ratio which must be maintained within a narrow operating range. 

However, the fuel to air ratio can be significantly changed by the quality and 
cleanliness of the air cleaner used to filter the pre-combustion air before it enters the 
engine. 

There are, in general, two types of air cleaners which are extensively used and 
these can be classified as either "wet" or "dry". Wet air filters are porous plastic 
foam, or similar, impregnated with a viscous liquid such as oil. Dry air filters use 
porous plastic foam, porous felt, a porous paper cartridge, or some other porous 
material. Both these type of filters require routine maintenance and, if not properly 
maintained, can significantly alter the fuel/air ratio. For example, if the "wet" filters 
have an excess of oil applied thereto, this can increase the particulate material which 
is present in the exhaust. If the dry types of filter become blocked to at least an 
appreciable extent with foreign matter such as dust, grass cuttings or the like, this can 
change the ratio of the fuel air mixture thereby resulting in both increased fuel 
consumption and an increased pollution level. Further, where a muffler catalytic 
converter is present, a fuel rich mixture of fuel and air can lower the operating 
temperature of the catalytic converter from its intended high operating temperature 
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thereby making the catalytic converter less effective, and possibly permanently 
disabling the converter. 

US Patent No. 3,855,976 granted to the present applicants discloses a * 
5 substantially self-cleaning air filter system in which air from the fan powered by the 
engine was directed to pass over a fine mesh screen. The screen both had a large 
surface area and was substantially perpendicular to the axis of rotation of the fan. The 
advantage of such an arrangement is that it meant that the engine operator was not 
obliged to laboriously clean the air filter at frequent specified operational periods (eg 
10 every 10 hours of operation). Instead this prior art air filter needed only relatively 
infrequent cleaning. 

However, pollution performance standards are not the only criterion required 
to be met by modern day small size and lightweight engines for hand held use. For 

1 5 such devices, the engine attached to the device is generally the most prominent part of 
the device. However, conventional air filters, including the one described in the 
abovementioned US Patent, are relatively bulky and add to the weight and size of the 
overall engine unit. Since such air filters can significantly add to one or more of the 
dimensions of the overall engine unit, they can make the appliance far more awkward 

20 to hold, and thus more awkward to use, by the operator. Another disadvantage of this 
extra bulk is that it adds to the cubic capacity, and one or more dimensions of, cartons 
in which the engines are shipped. This increases the contribution to the final price 
made by the cost of transport. 

25 The aim of the present invention therefore is to utilise an air filter arrangement 

of the general type described in the abovementioned US Patent but in such a way that 
the size and bulk of the overall arrangement is suitable for miniaturisation. 

In accordance with the present invention there is disclosed in an air cooled two 
30 stroke internal combustion engine having a cylinder, a rotary fan powered by said 
engine and contained within a cowling which directs air in a flow from said fan 
towards said cylinder, with a substantially self cleaning and generally planar air filter 
located in said flow, the improvement comprising locating said filter closely adjacent 
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an air exit region of said fan to thereby increase the velocity of air flowing over said 
air filter. 

Preferably the air filter is located in a plane which is substantially parallel to 
5 the axis of rotation of said fan and substantially parallel to a tangent to the outer 
circumference of said fan. 

In accordance with a second aspect of the present invention there is disclosed 
an air filter arrangement for an internal combustion engine having a cylinder, a rotary 
1 0 fan powered by said engine and contained within a cowling which directs a flow of air 
from said fan towards said cylinder, said air filter arrangement comprising a generally 
planar air filter located in said flow and closely adjacent an air exit region of said fan 
to thereby increase the velocity of air flowing over said air filter. 

1 5 Preferably the air filter is located in a plane which is substantially parallel to 

the axis of rotation of said fan and also substantially parallel to a tangent to the outer 
circumference of said fan. 

Preferred embodiments of the present invention will now be described with 
20 reference to the drawings in which: 

Fig. 1 is a perspective view of a small two stroke internal combustion engine 
of a first embodiment intended for hand held use with the fan cowling removed, 

Fig. 2 is a front elevation of the engine in the condition illustrated in Fig. 1, 

Fig. 3 is a perspective view similar to Fig. 1 but with the engine fan cowling in 
25 place, and 

Fig. 4 is a view similar to Fig. 1 but of a second embodiment, and Fig. 5 is a 
view similar to Fig. 2 but of a third embodiment. 

In small internal combustion engines which are air cooled, a centrifugal fan 
30 driven by the engine provides the cooling air flow for the cylinder. The fan usually 
consists of a circular impeller having generally radially arranged blades (or curved 
scoops) arranged within a cowling which extends partially around the circumference 
or periphery of the impeller. The fan cowling is normally provided in two or more 
pieces, one & removable cover which mates with the others, the others being a wall or 
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similar structure cast with the engine block or any additional piece of cowling. The 
term "cowling" as used herein is used to embrace all parts of this air directing 
arrangement, whether able to be removed from the engine, or not. 

5 The cowling does not extend entirely around the impeller being open on that 

side of the impeller facing the cylinder block. The cowling is closed on the other side 
of the impeller and in this region is curved so that the radial distance between the 
impeller and the cowling progressively increases in the direction of impeller rotation. 
This is clearly seen in both Fig. 2 of the abovementioned US Patent and in Fig. 2 of 
10 the present application. 

The cowling extends around, and progressively radially retreats from, the 
impeller until an air exit region for the cowling is reached. Within the cowling both 
the air velocity and the volume of air flow are at a high level before the air exit region 
1 5 of cowling. However, on the open side of the impeller away from the cowling, for 
example adjacent the cylinder, the air flow is not constrained and the air velocity is 
low. 

After leaving the air exit region of the fan in the vicinity of the cylinder, the 
20 path of the air flow is no longer constrained to lie between the impeller and cowling. 
Instead the cross-sectional size of the air flow path increases with the consequence 
that the velocity of the air flow reduces. Furthermore, as the air flow spreads out over 
the exterior of the engine cylinder it is intended to cool, the cross-sectional area of the 
flow path progressively expands and the flow velocity progressively decreases. 

25 

With the above in mind, it will be appreciated that in the abovementioned 
prior art US Patent, the filter medium 26 illustrated in Figs. 3 and 4 of that patent is 
located a substantial distance downstream from the air exit region of the fan at the 
location of the air inlet 22 (Fig. 2) for the carburettor . As a consequence of the 
30 distance of the inlet 22, with its filter medium 26, from the air exit region of the fan, 
the velocity of the air flowing past the air filter medium 26 is much less than the exit 
velocity of the air leaving the fan. This is because the cross-sectional area of the air 
flow path has expanded appreciably by the time the air flow has arrived at the inlet 22. 
This is apparent from Fig. 2 of the abovementioned US Patent. 
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The less than maximum velocity of the air flowing past the filter medium 26 
meant that the cleaning power of the air flow was not at a maximum and so the filter 
medium 26 is relatively large, being approximately 90mm by 50mm. In addition, the 
filter 26 still required some cleaning, although much less than prior art filters at that 
5 time. 

As seen in Fig. 1 of the present application, a small two stroke engine 1 is 
illustrated having a rotary fan 2 with blades 3. The fan 2 rotates in an anti-clockwise 
direction indicated by arrow A about an axis of rotation 4 indicated by broken lines in 
1 0 Fig. 1 . Positioned above the fan 2 is a magneto ignition coil 6 behind which lie the 
cooling fins 7 of the engine cylinder 8. A muffler 9 is positioned adjacent the fan 2. 

Turning now to Fig. 3, as illustrated therein during operation the fan 2 is 
covered by a fan cowling 12. As the fan 2 rotates, air leaves the air exit region of the 
1 5 fan upwardly as indicated by arrow B in Fig. 1 . Thereafter this air flow bends to the 
left as indicated by arrow C before turning again and expanding and breaking into 
several streams which are substantially parallel to the crankshaft and which pass 
between and over the cooling fins 7 as indicated by several arrows D. 

20 As seen in Fig. 1, a filter 16 of planar construction (and illustrated by cross- 

hatching in Fig. 1) extends across the opening of a curved shaped passageway 17 
which leads to a substantially conventional carburettor 18. 

As illustrated in Figs. 1 and 2, the fan 2 is surrounded around part of its 
25 circumference by a lower cowling base 112 which co-operates with an upper cowling 
base 212. The cowling 12 (Fig. 3) mates with both the lower cowling base 1 12 and 
upper cowling base 212 when mounted on the engine 1 . In Fig. 2 a broken line 20 is 
illustrated which is tangential with the circumference of the rotary fan 2. The filter 16 
lies in a plane which is substantially parallel to the broken line 20 and which is also 
30 substantially flush with the cowling bases 1 12 and 212 and the cowling 12 when 
installed. 

It follows from the above description and the drawings that the filter 16 
simultaneously meets several requirements. Firstly, it is located as close as possible 
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to the air exit region of the fan and thus in a region of very high air velocity. 
Secondly, the filter 16 is located in a plane which is substantially parallel to the axis 4 
of rotation of the fan, and it is also substantially parallel to a tangent 20 to the outer 
circumference of the fan 2. 

5 

Furthermore, as is apparent from Fig. 1, the longitudinal axis of the generally 
rectangular filter 16 is substantially aligned with the direction of air flow as indicated 
by arrow B in Fig. 1 . 

1 0 The foregoing arrangements have a number of substantial consequences. 

Firstly, the positioning of the filter 16 relative to the air flow indicated by arrow B in 
Fig. 1 means that the face of the filter 16 illustrated in Fig. 1 is maintained free of 
debris such as dust, grass clippings, and the like, by the continual high velocity flow 
of air generated by the fan 2. In this way, no routine maintenance of the filter by the 

15 operator of the engine 1 is required. Indeed, the filter 16 seldom needs to be cleaned, 
if at all. Certainly, no filter cleaning needs to be specified in the list of activities (such 
as spark plug maintenance) which should be done at regular intervals. 

Moreover, the filter 16 is able to be compactly arranged (being typically 
20 40mm by 20mm). Thus the filter 16, unlike prior art air filter arrangements, does not 
protrude unduly from the overall periphery of the engine 1, thereby substantially 
reducing the overall bulk and size of the engine 1 . 



The particular arrangement of the filter 16 and passageway 17 enable the 
25 carburettor 1 8 to be positioned at 90° relative to its normal orientation so that the 

attachment 25 (Fig. 2), which enables a Bowden cable (not illustrated) to be attached 
to the carburettor 18, can be orientated so as to enable the Bowden cable to pass 
between the fuel tank cap 26 and the cowling base 1 12. This again results in a more 
compact engine arrangement. 

30 

Turning now to Fig. 4, in a second embodiment a filter 36 again is formed 
from a fine mesh filter medium and is rectangular, but is curved and lies in a curved 
surface 30. The surface 30 is flush with the cowling 12 at the air exit region of the fan 
and is curved so as to direct air towards the cylinder 8. Again the filter 36 is swept 
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clear of debris by virtue of the substantial air flow which is directed across the face of 
the filter 36 and which is very much greater than the flow of air through the filter 36 
and into the passageway 17 leading to the carburettor 18. 

In a third embodiment illustrated in Fig. 5, a filter 46 is flat and lies within a 
flat surface 40 which is inclined to the air flow leaving the air exit region of the fan. 
The surface 40 also directs air towards the cylinder 8 and yet enables the majority of 
the air flow to pass over the surface of the filter 46 thereby sweeping it clear of any 
debris. 

The foregoing describes only some embodiments of the present invention and 
modifications, obvious to those skilled in the art, can be made thereto without 
departing from the scope of the present invention. 

The term "comprising" (and its grammatical variations) as used herein is used 
in the inclusive sense of "having" or "including" and not in the exclusive sense of 
"consisting only of. 
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Aspects Of The Invention 

The following paragraphs define some aspects of the present invention: 

1 . In an air cooled two stroke internal combustion engine having a cylinder, a 
rotary fan powered by said engine and contained within a cowling which directs air in 
a flow from said fan towards said cylinder, with a substantially self cleaning and 
generally planar air filter located in said flow, the improvement comprising locating 
said filter closely adjacent an air exit region of said fan to thereby increase the 
velocity of air flowing over said air filter. 

2. The improvement as defined in paragraph 1 wherein said air filter is located in 
a plane which is substantially parallel to the axis of rotation of said fan and 
substantially parallel to a tangent to the outer circumference of said fan. 

3. The improvement as defined in paragraph 1 wherein said cowling is curved at 
least partially around said fan and said air filter is located in a plane which is curved 
in like fashion to said cowling. 

4. The improvement as defined in paragraph 1 wherein said air filter is located in 
a plane which is included into the flow of air leaving said air exit region. 

5. The improvement as defined in any one of paragraphs 1-4 wherein said filter is 
generally rectangular and has its longer axis substantially aligned with the direction of 
said air flow. 

6. The improvement as defined in any one of paragraphs 1-5 wherein said filter is ■ 
substantially flush with said cowling. 

7. An air filter arrangement for an internal combustion engine having a cylinder, 
a rotary fan powered by said engine and contained within a cowling which directs a . 
flow of air from said fan towards said cylinder, said air filter arrangement comprising 
a generally planar air filter located in said flow and closely adjacent an air exit region 
of said fan to thereby increase the velocity of air flowing over said air filter. 
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8. The arrangement as defined in paragraph 7 wherein said air filter is located in 
a plane which is substantially parallel to the axis of rotation of said fan and also 
substantially parallel to a tangent to the outer circumference of said fan. 

9. The arrangement as defined in paragraph 7 wherein said cowling is curved at 
least partially around said fan and said air filter is located in a plane which is curved 
in like fashion to said cowling. 

1 0. The arrangement as defined in paragraph 7 wherein said air filter is located in 
a plane which is inclined into the flow of air leaving said air exit region. 

1 1 . The arrangement as defined in any one of paragraphs 7- 1 0 wherein said filter 
is substantially flush with said cowling. 

1 2. The arrangement as defined in any one of paragraphs 7-1 1 wherein said filter 
is generally rectangular and has its longer axis substantially aligned with the direction 
of said flow of air. 

1 3. An air filter arrangement substantially as herein described with reference to 
Figs. 1 -3 or Fig. 4 or Fig. 5 of the drawings. 

Dated this 16 th day of August 2004 



John Arthur NOTARAS 
and 

Aneelo Lambrinos NOTARAS 
By 

FRASER OLD & SOHN 

Patent Attorneys for the Applicant 
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Fig. 2 




Fig. 3 




Fig. k- 



